To investigate what is the most appropriate strategy for patients with ST-segment elevation myocardial infarction (STEMI) aged !80 years in China. Methods: This cohort study retrospectively enrolled patients with STEMI aged !80 years old and grouped them according to the treatment strategy that was used: a conservative treatment strategy or an invasive treatment strategy. Factors associated with whether to perform an invasive intervention, in-hospital death and a good prognosis were investigated using logistic regression analyses. Results: A total of 232 patients were enrolled: conservative treatment group (n ¼ 93) and invasive treatment group (n ¼ 139). Patients in the invasive treatment group had a better prognosis and lower incidence of adverse events compared with the conservative treatment group. Advanced age, creatinine level and a higher Killip class were inversely correlated with whether to perform an invasive intervention, while the use of beta-receptor-blocking agents was a favourable factor for invasive treatment. Hypertension and a higher Killip class were risk factors for inhospital death, while the use of beta-receptor-blocking agents and diuretics decreased the risk of in-hospital death. Conclusions: An invasive treatment strategy was superior to a conservative treatment strategy in patients with STEMI aged !80 years.
Introduction
Cardiovascular disease accounts for 30.8% of all deaths in the United States and 65% of deaths attributable to cardiovascular disease that occurred in people aged >75 years old. 1 ST-segment elevation myocardial infarction (STEMI) is caused by coronary atherosclerotic plaques obstructing the coronary arteries and is the most common and severe form of acute coronary syndrome in the elderly. 2, 3 Patients with cardiovascular disease aged >80 years form a rapidly growing cohort and >20% of patients have received percutaneous coronary intervention (PCI) in real-word practice. 4 Percutaneous coronary intervention is a commonly used invasive strategy for the treatment of STEMI irrespective of age. 5, 6 Although this invasive strategy is recommended for patients with STEMI, whether a greater proportion of patients aged !80 years, particularly those with higher risk characteristics, should receive invasive management remains unclear. In addition, because the proportion of patients aged !80 years old is usually relatively small in large randomized controlled trials of the effects of invasive versus medical treatment of STEMI, the benefits and disadvantages of the two strategies remain uncertain in this age group. To date, there is no guidance for the management of STEMI in patients from the Chinese population that are !80 years old.
The present study compared the prognosis following conservative or invasive strategies in patients with STEMI in order to identify the factors associated with the choice of whether to perform invasive treatment, in-hospital death and a good prognosis. The study aimed to provide research evidence for clinicians and patients to help them to select the most appropriate treatment strategy for elderly patients with STEMI. The need for informed consent and ethical approval was waived due to the retrospective nature of the study.
Patients and methods

Patient population
Data collection and study endpoints
As patients aged !80 years with acute myocardial infarction (MI) are admitted to the emergency department of Fuwai Hospital, this study collected data from all patients aged !80 years with acute STEMI that met the inclusion criteria from the patient registration system in the emergency department. Relevant information for the patients was retrieved by the data query system of Fuwai Hospital. All of the patients were followed-up by telephone consultations undertaken by one of the authors (Y.G.S.). Aspirin (75-100 mg orally once daily for life) and clopidogrel (75 mg orally once daily for 1 year after stenting) were used for dual antiplatelet treatment in both groups and very few patients were treated with ticagrelor (90 mg orally twice daily for 1 year after stenting).
The primary endpoint was in-hospital death. The secondary endpoints were good prognosis, rehospitalization, MI, target vessel revascularization, cerebral haemorrhage, cerebral infarction and gastrointestinal bleeding. The baseline characteristics of all patients including age, sex, creatinine, systolic blood pressure, heart rate, comorbidity, Killip class, ejection fraction (EF) and coronary angiographic data were collected from the hospital medical records. The clinical characteristics including functional state, management strategies and inhospital outcomes were extracted from the hospital medical records. In-hospital death, MI and other outcomes were confirmed from review of the clinical follow-up data. Any of the following conditions was considered to be a poor prognosis: in-hospital death, rehospitalization, cardiac infarction, target vessel revascularization, cerebral haemorrhage, cerebral infarction and gastrointestinal bleeding.
Statistical analyses
All statistical analyses were performed using SAS software (version 9.4) (SAS Institute, Cary, NC, USA). Data are presented as mean AE SD or n of patients (%). Categorical variables were evaluated using v 2 -test and continuous variables were evaluated using Student's t-test. Analysis of the factors associated with whether to perform an invasive intervention, in-hospital death and a good prognosis was conducted using multivariate logistic regression analysis. The variables included in the multivariate logistic regression were those with univariate analysis results of P < 0.1 or variables that may have an effect on the dependent variable. A P-value < 0.05 was considered statistically significant.
Results
A total of 250 patients with STEMI aged !80 years were consecutively included in this study. Of these, 18 patients were excluded from the study, with 12 of them transferred to other institutions and six of them missing follow-up data. A total of 232 patients were analysed, of which 93 underwent a conservative treatment strategy and 139 underwent an invasive treatment strategy for STEMI. Of the patients that underwent an invasive treatment strategy, eight had mild non-obstructive coronary atherosclerosis and 13 had severe coronary lesions. Another 114 patients underwent successful PCI, of which 104 received drug-eluting stents and 10 received traditional balloon angioplasty (drug balloon angioplasty used in two patients). The remaining four patients underwent unsuccessful PCI; one patient had aortic tortuosity and three had culprit lesions that could not be crossed. In addition, 14 patients received an intra-aortic balloon pump (IABP) and 14 patients received thrombus aspiration during the intervention operation.
The baseline characteristics of the patients stratified according to the treatment strategy are shown in Table 1 . The patients that underwent an invasive treatment strategy were significantly younger (mean AE SD age: 83.4 AE 3.1 versus 84.8 AE 3.8 years; P ¼ 0.0033) and had a significantly lower mean AE SD creatinine level (95.8 AE 34.5 versus 125.5 AE 67.4 mmol/l; P ¼ 0.0002) compared with the conservative treatment group. The patients that underwent an invasive treatment strategy also had better renal and heart function compared with the conservative treatment group. Systolic blood pressure (mean AE SD SBP: 123.7 AE 32.4 versus 131.6 AE 25.6 mmHg; P ¼ 0.0487), EF (mean AE SD EF: 45.3 AE 1.4 versus 51.9 AE 0.6%; P < 0.0001) and the proportion of patients using beta-receptor-blocking agents and angiotensin-converting enzyme inhibitor (ACEI)/angiotensin II receptor blockers (ARB) (P < 0.05 for both comparisons) were significantly different between the two groups.
As shown in Table 2 , comparison of the prognosis between the conservative and invasive treatment strategy groups demonstrated that patients managed invasively had a significantly better prognosis, lower adverse events and in-hospital death rates (P < 0.05 for all comparisons). There was no significant difference of in the occurrence of adverse events during follow-up between the two treatment strategies. (Table 4) .
A multivariate logistic regression analysis was performed with a poor prognosis as the control to determine the factors associated with a good prognosis. As shown in Table 5 , age (OR 0.911, 95% CI 0.835, 0.994) and heart rate (OR 0.979, 95% CI 0.962, 0.996) were inversely associated with a good prognosis, while the use of an invasive treatment strategy (OR 2.137, 95% CI 1.153, 3.959), EF (OR 1.050, 95% CI 1.014, 1.087) and SBP (OR 1.012, 95% CI 1.000, 1.025) were positively associated with a good prognosis (P < 0.05 for all of the above factors).
Discussion
It is well known that patients aged !80 years have multiple complications Categorical variables were evaluated using v 2 -test and continuous variables were evaluated using Student's t-test; NS, no significant between-group difference (P ! 0.05). IABP, intra-aortic balloon pump; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; NS, no significant association (P ! 0.05). Table 5 . Multivariate logistic regression analysis of factors associated with good prognosis in patients (n ¼ 232) with ST-segment elevation myocardial infarction (STEMI). and varying degrees of fragile functional status. [7] [8] [9] As the population ages, the medical and surgical treatment of STEMI will continue to be a challenge. Clinicians have to make timely treatment decisions incorporating the clinical characteristics, functional status and end-of-life wishes of their patients. 10 Timely reperfusion, preferably through percutaneous intervention, is recommended for the management of STEMI patients. 11, 12 However, the safety and efficacy of primary PCI remains uncertain in patients aged !80 years due to a paucity data and the side-effects of PCI. 13, 14 Consequently, the management of STEMI in the present study was decided by the physician attending the patient in the emergency department. The current study consecutively enrolled 232 Chinese patients with STEMI that were !80 years old with the aim of determining which is the most appropriate strategy for this age group. To the best of our knowledge, this is the first study undertaken in China to investigate patients with STEMI aged !80 years.
This current study demonstrated that an invasive strategy, including emergency PCI, emergency coronary angiography, emergency balloon dilatation, hospitalized coronary angiography and hospitalized PCI, was associated with a better prognosis, a lower rate of adverse events and a lower rate of in-hospital death compared with the conservative treatment strategy in patients with STEMI aged !80 years. In addition, the markers of increased risk, age, creatinine level and Killip class II, III and IV, were all significantly associated with the decision to adopt an invasive treatment strategy. Although multivariate logistic regression analysis showed that invasive treatment did not differ from conservative treatment in terms of in-hospital mortality, it was a favourable factor for a good prognosis.
Implementation of PCI decreased the mortality in elderly patients with STEMI and the 5-year survival rate was more that 40%. 2, 15 In addition, a study on patients with STEMI aged !85 years revealed that invasive management had reasonable shortand long-term outcomes. 16 Similarly, this current study showed that patients with STEMI aged !80 years that were managed invasively had a better prognosis and lower rates of in-hospital death compared with those managed conservatively. As reported in previous studies, [16] [17] [18] there were no significant differences between the two treatment strategies in terms of rehospitalization, myocardial infarction, target vessel revascularization, cerebral haemorrhage and cerebral infarction during follow-up in this current study, suggesting that the invasive management of patients with STEMI aged !80 years was safe and effective. Results from the Chinese Acute Myocardial Infarction Registry study in Chinese patients with STEMI aged !75 years demonstrated that early reperfusion, especially primary PCI, were safe and effective with an absolute reduction of mortality compared with no reperfusion. 19 Age was demonstrated to be independent predictor of in-hospital mortality in patients with STEMI. 20 A previous study showed that advanced age increased the risk of death and adverse events, but the prognosis was slightly improved after PCI in the early phase. 21 The present study also found that advanced age was a risk factor for the implementation of an invasive treatment strategy and a good prognosis, but the use of an invasive strategy was still a favourable factor for a good prognosis.
Although STEMI patients aged !80 years treated with an invasive strategy had a better prognosis, a lower rate of inhospital death, patients with a higher Killip class were less likely to receive invasive treatment. In addition, Killip class III & IV increased the risk of in-hospital death. A previous study revealed that a high Killip class can be predicted with older age in STEMI patients undergoing PCI and it is strongly associated with in-hospital mortality. 22 Indeed, this current study showed that patients that underwent an invasive treatment strategy were significantly younger and with lower rates of Killip class !II than those that underwent conservative treatment. Considering surgical tolerance and potential risks, many patients and their families were more inclined to choose conservative treatment, which may be one of the important reasons for the phenomenon above.
The assessment of kidney injury among patients with STEMI in the current study was defined on the basis of creatinine level. 23, 24 Lower levels of creatinine in patients with STEMI undergoing PCI could provide advantageous clinical outcomes. 25 The results of this current study showed that the rate of renal dysfunction in patients that underwent an invasive strategy was lower than that in patients that underwent conservative strategy. The creatinine level was negatively associated with whether to perform an invasive strategy in the current study. This finding was consistent with previous studies that demonstrated that renal dysfunction was associated with a higher mortality rate in patients with STEMI that underwent PCI; and renal dysfunction reduced the success rates of intervention strategies. 26, 27 This current study provides well-needed data suggesting that the invasive treatment of patients with STEMI aged !80 years in China results in a better prognosis than conservative treatment. However, there were a number of limitations in this study. First, due to the lack of guidance, selection of an invasive strategy or a conservative strategy mainly depended on the clinicians' experience and the wishes of patient's family, which might have resulted in selection bias. Secondly, the sample size was relatively small, which could also introduce some bias to the results. Thirdly, the study was retrospective and conducted in a single centre, which might have limited general applicability. Further studies with larger sample sizes are required in the future.
In conclusion, the prognosis following the implantation of an invasive treatment strategy was superior compared with a conservative strategy in patients with STEMI aged !80 years in China. However, clinicians should consider the Killip class and creatinine levels when selecting a treatment strategy for patients with STEMI aged !80 years and carefully select the most appropriate discharge medications.
